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(54) Improvements in or relating to rotary drill bite 



(57) A rotary drill bit, for drilling holes in subsurface 
formations, comprises a bit body (10), cutting structures 
(14) mounted on the bit body, and a fluid supply system 
for supplying drilling fluid to the surface of the bit body, 
to cool and clean the cutting structures. The fluid supply 
system comprises a number of nozzles (17) mounted.in 
the bit body, a main passage (20) in the bit body and a 



number of auxiliary passages (21 ) leading from the main 
passage to the nozzles. Some or atl of the passages 
(20, 21 ) are at least partly lined with an erosion-resistant 
lining material (23). The lining material may comprise a 
hard facing applied to the internal surface of a preformed 
passage or a rigid tube which itself defines the internal 
surface of the passage. 
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Description 

The invention relates to rotary drill bits, for drilling 
holes in subsurface formations, of the kind comprising 
a bit body, a plurality of cutting structures mounted on 
the bit body, and a fluid supply system for supplying drill- 
ing fluid to the surface of the bit body, to cool and clean 
the cutting structures, said fluid supply system compris- 
ing a number of nozzles mounted in the bit body, a main 
passage in the bit body and a number of auxiliary pas- 
sages leading from the main passage to the nozzles re- 
spectively. 

The invention is particularly, but not exclusively, ap- 
plicable to drag-type drill bits of the kind where each cut- 
ting structure comprises a cutting element mounted on 
a carrier, such as a stud or post, which is received in a 
socket in the bit body. One common form of cutting el- 
ement comprises a circular tablet having a hard facing 
layer of polycrystalline diamond or other superhard ma- 
terial bonded to a backing layer of less hard material 
such as cemented tungsten carbide. 

Rotary drill bits ofthis kind are commonly formed by 
one of two basic methods. In one method, the bit body 
is machined from a solid blank of machinable metal, 
usually steel. Alternatively, the bit body may be formed 
by a powder metallurgy process. In this process a hollow 
mould is first formed, for example from graphite, in the 
configuration of the bit body or a part thereof. The mould 
is packed with a powdered matrix-forming material, 
such as tungsten carbide, which is then infiltrated with 
a metal alloy, such as a copper alloy, in a furnace so as 
to form a hard matrix. 

Particularly in cases where the bit body is machined 
from steel, the surface of such a bit is susceptible to 
wear and erosion during use, particularly in the vicinity 
of the nozzles from which abrasive drilling fluid emerges 
at high velocity and with substantial turbulence. Accord- 
ingly, it is fairly common practice to apply a hard facing 
material to the outer surface of the bit body, at least 
around the cutting structures. The hard facing material 
is usually applied by a welding or plasma spraying proc- 
ess. 

In addition to the erosion caused by drilling fluid and 
abrasion on the external surfaces of the bit body, the flow 
of fluid through the internal fluid supply system of the bit 
also tends to cause some erosion of the internal surfac- 
es of the fluid flow passages. Hitherto, such erosion has 
not been considered as particularly significant since nor- 
mally the drill bit will reach the end of its useful life, as 
a result of wear, damage and/or external erosion, before 
the internal erosion has any significant effect on the per- 
formance ofthe drill bit. However, with improvements in 
the design and construction of drill bits of this type, the 
life of such bits is being significantly increased, with the 
result that the problem of internal erosion requires to be 
addressed. The present invention therefore sets out to 
provide forms of drill bit construction, and methods of 
manufacture, where erosion ofthe internal surfaces of 



the drill bit is reduced. 

According to the invention there is provided a rotary 
drill bit, for drilling holes in subsurface formations, com- 
prising a bit body, a plurality of cutting structures mount- 

5 ed on the bit body, and a fluid supply system for supply- 
ing drilling fluid to the surface of the bit body, to cool and 
clean said cutting structures, said fluid supply system 
comprising a number of nozzles mounted in the bit body, 
a main passage in the bit body and a number of auxiliary 

io passages leading from the main passage to said noz- 
zles respectively, at least a part of at least one of said 
passages being lined with a lining material which is more 
erosion-resistant than the material of the bit body. 
The lining material may comprise a layer of hard- 

15 facing material applied to the internal surface of part, or 
all, of a passage preformed in the bit body. The hardfac- 
ing material may for example be applied by a spraying, 
welding, electro-plating or powder infiltration process. 
Alternatively, the hardfacing material may be applied to 

20 the surfaces ofthe passages as a layer of wear-resistant 
powder and binder, high pressure then being applied to 
the layer at elevated temperature to consolidate the lay- 
er, the pressure being applied via a grain bed of ceramic 
or refractory particles. Such methods, which are de- 

25 scribed for example in U.S. Patents Nos. 4630692 and 
4640711, are well known and will be referred to gener- 
ally in this specification, for convenience, as grain bed 
consolidation methods. 

Alternatively, the lining material may comprise a 

30 preformed rigid tube secured within a passage in the bit 
body, at least the interior surface of the tube comprising 
a material which is more erosion-resistant than the ma- 
terial of the bit body. Where at least one of said auxiliary 
passages is lined with a preformed rigid tube, one end 

35 of said tube may project into the interior of said main 
passage in the bit body. 

Each rigid tube may itself be entirely from more ero- 
sion-resistant material, or it may comprise a tube of a 
first material, e.g. steel, to the interior surface of which 

40 is applied a hardfacing material. The hardfacing material 
may be applied to the interior surface of the tube by a 
method selected from: spraying, welding, electro-plat- 
ing, a powder infiltration process, or a grain bed consol- 
idation method. 

45 The tube may be secured by mechanically fixing, 
brazing or shrink-fitting the tube within a corresponding- 
ly shaped passage in a preformed bit body, or by mould- 
ing bit body material around the tube. 

Thus, the invention includes within its scope meth- 

50 ods of manufacturing a drill bit body of the kind first re- 
ferred to. A first such method includes the steps of first 
manufacturing a bit body having an internal main pas- 
sage and a number of auxiliary passages leading to re- 
spective sockets in the bit body to receive nozzles, and 

55 then lining at least a part of at least one of said passages 
with a lining material which is more erosion-resistant 
than the material of the bit body. 

The lining material may be applied to the internal 
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surface of part, or all, of said passage preformed in the 
bit body by a method selected from: spraying, welding, 
electro-plating, a powder infiltration process, or a grain 
bed consolidation method. Alternatively, the lining ma- 
terial may be applied to the bit body by brazing, sh rink- 
fitting or otherwise securing a preformed rigid tube with- 
in part or all of a passage in the bit body. The method 
may comprise the further step of applying a hardfacing 
material to the internal surface of the tube by a method 
selected from: spraying, welding, electro-plating, a powr 
der infiltration process, or a grain bed consolidation 
method. Such process may be effected before or after 
the tube is secured within the bit body. 

The invention also provides a method of manufac- 
turing a drill bit body of the kind first referred to compris- 
ing forming a hoitow mould in the configuration of the bit 
body or a part thereof, locating within the mould a rigid 
structure provided said main passage and auxiliary pas- 
sages, packing the mould around said structure with a 
powdered matrix-forming material, and then infiltrating 
said material with a metal alloy in a furnace so as to form 
a hard matrix, the material of said structure being more 
erosion-resistant than the solid infiltrated hard matrix, at 
least on the internal surfaces of said passages. 

The structure may comprise a unitary structure or 
may comprise a plurality of elements secured together . 
or otherwise located in the required position and orien- 
tation within the mould. 

The invention further provides a modification of this 
method where the material of the structure itself is not 
necessarily of greater erosion-resistance than the solid 
infiltrated matrix material, and wherein the method in- 
cludes the further step of applying to the internal surfac- 
es of the passages in the said structure a hardfacing 
material by a spray, welding, electro-plating or powder 
infiltration process. Said hardfacing material may be ap- 
plied to the internal surfaces of the structure before the 
solid matrix material is moulded around it, or it may be 
applied after the bit body has been moulded around the 
structure. 

The following is a more detailed description of em- 
bodiments of the invention, reference being made to the 
accompanying drawings in which: 

Figure t is a side elevation of a typical drag-type 
drill bit incorporating the present invention, 
Figure 2 is an end elevation of the drill bit shown in 
Figure 1 , 

Figure 3 is a diagrammatic vertical section through 
the drill bit, 

Figure 4 is a diagrammatic vertical section through 
an alternative embodiment, 
Figure 5 shows a modified version of the embodi- 
ment of Figure 4, and 

Figure 6 is a diagrammatic vertical section through 
a mould showing one method of manufacture of a 
solid infiltrated matrix-bodied bit, in accordance with 
the invention. 



Referring to Figures 1 and 2, the bit body 10 is ma- 
chined from steel, and has at one end a shank including 
a threaded pin 11 for connection to the drill string. The 
steel bit body is normally machined by computer-con- 

5 trolled turning and milling operations. 

The operative end face 1 2 of the bit body is formed 
with a number of blades 1 3 radiating from the central 
area ofthe bit, and. the. blades each carry cutting struc- 
tures 1 4 spaced apart along the length thereof. 

10 The bit has a gauge section including kickers 16 
which contact the walls ofthe borehole to stabilise the 
bit in the borehole. In known manner abrading elements 
are mounted in the kickers 16. Internally of the bit there 
is provided a fluid supply system, which will be de- 
ls scribed in greater detail in relation to Figure 3, compris- 
ing a central passage in the bit body and shank which 
communicates through auxiliary passages with nozzles 
1 7 received in the end face 1 2 of the bit body. 

Each cutting structure 14 comprises a preform cut- 

20 ting element 18 mounted on a carrier 19 in the form of 
a stud which is secured within a socket machined into 
the bit body. Each preform cutting element 18 is usually 
in the form of a circular tablet comprising a thin facing 
table of polycrystalline diamond bonded to a substrate 

25 of cemented tungsten carbide, both layers being of uni- 
form thickness. The rear surface of the substrate of each 
cutting element is brazed to a suitably orientated surface 
on the stud, which may also be formed from cemented 
tungsten carbide. 

30 it will be appreciated that this is only one example 
of the many possible variations of the type of drill bit to 
which the present invention is applicable. 

Figure 3 shows diagrammatically the construction 
of the fluid supply system within the bit body. The system 

35 comprises a central main passage 20 which is cylindri- 
cal and of circular cross-section. 

Auxiliary passages 21 , which are also generally cy- 
lindrical and of circular cross-section lead from the lower 
end ofthe main passage 20 to respective sockets 22 

.40 formed in the bit body and into which the nozzles 17 are 
secured. 

In accordance with the present invention, the inter- 
nal surfaces of the passages 20, 21 are lined with hard- 
facing material which is more erosion-resistant than the 

45 steel ofthe bit body 1 0. The sockets 22 may also be lined 
with hardfacing material, as shown, but this may not be 
necessary since the nozzle assemblies are usually 
themselves erosion resistant, in any case. In the em- 
bodiment of Figure 3 the hardfacing material 23 is ap- 

50 plied to the internal surfaces of the passages and sock- 
ets by any of the well known methods used for applying 
hardfacing material to the external surfaces of a bit body. 
For example the material may be applied by spraying 
on, tig, or stick, by manual metal arc welding, by fusing 

55 or brazing processes, by electro-plating or by a powder 
infiltration process where matrix-forming metal powder, 
usually tungsten carbide, is infiltrated with a binding al- 
loy, usually copper-based, in a furnace. Alternatively, as 
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previously mentioned, the hardfacing material may be 
applied to the surfaces of the passages by a grain bed 
consolidation method whereby a layer of wear-resistant 
powder and binder is applied to the surface, and a high 
pressure is then applied to the layer at elevated temper- 5 
ature, via a grain bed of ceramic or refractory particles, 
to consolidate the layer 

The nature of the hardfacing materials which may 
be applied by such processes is well known, and typi- 
cally will contain coarse or fine particles of tungsten car- 10 
bide, depending on the method of application. However, 
any other suitable hardfacing material may be em- 
ployed, such as mixtures of materials selected from sil- 
icon carbide, tungsten carbide, diamond, steel, cobalt, 
and alloys thereof. 15 

After the internal surfaces of the passages and 
sockets have been hardfaced, machining processes 
may be required in certain regions, and particularly the 
internal surfaces of the sockets 22. It may be necessary 
to machine such sockets, after hardfacing, for example 20 
to provide a seat for the nozzle 1 7 and an O-ring groove. 
Such machining may be effected by milling, boring or 
electron discharge machining, depending on the nature 
of the hardfacing material. Since the material is, of 
course, very hard, special machining tools will be re- 25 
quired, for example tools of diamond or cubic boron ni- 
tride tips. 

In the alternative arrangement shown in Figure 4 
the main passage 20 is lined with a preformed circular 
cross-section tube 24, which is fitted after the bit body 30 
1 0 has been machined. The tube 24 may be fitted within 
the passage 12 by mechanical fixing, shrink-fitting or 
brazing, or by any other appropriate means. 

Similarly lining tubes 25 are fitted within the auxiliary 
passages 21 and short tubes, or bushes, 26 within the 3S 
sockets 22. The bushes 26 may be separately formed 
from the lining tubes 25 or may comprise enlarged outer 
diameter sections integrally formed on the ends of the 
tubes 25. 

The tubes 24, 25 and 26 may be entirely formed of 40 
a metal which is of greater erosion-resistance than the 
steel of the bit body. Alternatively, the tubes may be 
formed of steel, or other metal, to the internal surface of 
which has been applied a layer of hardfacing material 
before or after the tubes are fitted within the bit body. 45 
The hardfacing material may be applied to the internal 
surfaces of the tubes by any of the methods described 
in relation to Figure 3 and, again, the tubes and/or hard- 
facing may be subsequently machined as required and 
as described in relation to Figure 3. 50 

One suitable material for the tubes 24, 25, 26 may 
be solid infiltrated matrix material, of the kind from which 
moulded bit bodies are formed, and comprising tung- 
sten carbide particles infiltrated with a copper-based al- 
loy. 55 

British Patent No. 2211874 describes a method for 
applying such infiltrated matrix hardfacing material to 
the external surfaces of a steel bit body, and methods 



similar to those described in that specification may be 
employed in the present invention to apply matrix hard- 
facing to the internal surfaces of the passages 20, 21 
and 22 or to the internal surfaces of tubular linings 24, 
25, 26 secured therein. 

Although the invention is particularly applicable to 
steel-bodied bits, which have been described in Figures 
1-4, the invention may also be applied to moulded ma- 
trix-bodied bits. In that case, of course, the material of 
the internal hardfacing or lining requires to be of greater 
erosion-resistance than the solid infiltrated matrix from 
which the main part of the bit body itself is formed. 

Figure 5 shows a modified version of the arrange- 
ment of Figure 4 where the upper ends of the wear-re- 
sistant lining tubes 25 project a short distance into the 
tower end of the main passage 20 in the bit body. Such 
arrangement may tend to reduce erosion of the bit body 
around the inlets of the tubes 25, which might otherwise 
occur due to the flow of abrasive drilling fluid into the 
tubes. Also, with the arrangement of Figure 5, any debris 
entrained in the drilling fluid will tend to be precipitated 
at the bottom of the passage 20, below the inlets to the 
tubes 25, thus avoiding such debris passing along the 
tubes 25 perhaps to block the associated nozzles. 

Figure 6 shows diagrammatically a method of man- 
ufacturing a matrix-bodied bit incorporating the present 
invention. 

Referring to Figure 6, the basic process for mould- 
ing a drill bit using a powder metallurgy process is well 
known. A machined steel former 27, providing the shank 
and pin of the drill bit, is located in a graphite mould 28 
formed in the external configuration of the bit body. The 
mould is packed, around the lower part of the former 27, 
with powdered matrix-forming material 29 and a body of 
fusible alloy, usually a copper-based alloy, 30 is located 
above the matrix-forming particles. 

The mould is then introduced into a furnace so that 
the alloy 30 fuses and infiltrates downwardly into the ma- 
terial 29 so as, upon subsequent cooling, to form a solid 
infiltrated matrix which is bonded on to the lower part of 
the former 27. 

In order to provide sockets in the bit body to receive 
the cutting structures, graphite formers, such as is indi- 
cated diagrammatically at 31 , are mounted in the walls 
of the mould so as to project into the matrix-forming ma- 
terial to form the socket. 

Similarly, graphite formers are also normally insert- 
ed in the mould, before it is packed with matrix-forming 
material, to define the tower part of the central passage 
20, auxiliary passages 21 , and sockets 22. After the bit 
body has been formed the graphite formers are destruc- 
tively removed to open the passages and nozzle sock- 
ets. 

In accordance with the invention, however, the pas- 
sages of the fluid supply system within the bit body are 
not defined by disposable graphite formers but by a 
structure 32 formed of material which is of greater ero- 
sion-resistance than the solid infiltrated matrix material. 
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In the embodiment shown, the structure 32 comprises 
a main hollow cylindrical member 33 having an integral 
bottom closure 34. Auxiliary tubes 35 have their upper 
ends located within angled sockets within the closure 
portion 34 and have increased diameter lower portions 5 
36 to define the sockets 22. The upper ends of the tubes 
35 may be pre-secured within the angled sockets in the 
closure portion 34 by sh rink-fitting brazing or other 
. means, although this may not be necessary since they 
will, in any case, automatically become "brazed" within 10 
the sockets by the infiltration alloy, as a result of the in- 
filtration process. 

In the course of infiltrating the matrix-forming mate- 
rial, and forming the bit body, the structure 32 becomes 
permanently embedded within the bit body so as to de- is 
fine fluid flow passages lined with a material which is of 
greater erosion-resistance than the material of the bit . 
body itself. 

As in the arrangement of Figure 4, the structure 32 
may be made entirely of material of greater erosion -re- 20 
sistance, but alternatively it might comprise some other 
material, only the internal surfaces of the structure being 
lined with a material of greater erosion-resistance, for 
example by any of the application methods referred to 
in relation to Figures 3 and 4. 25 

The upper part of the main passage 20 in the steel 
former 27 is also preferably lined with erosion-resistant 
material 37, which may be in the form of a preformed 
inserted tube, or in the form of an applied layer of hard- 
facing material. 30 



Claims 

1. A rotary drill bit, for drilling holes in subsurface for- 35 
mations, comprising a bit body (10), a plurality of 
cutting structures (14) mounted on the bit body, and 

a fluid supply system for supplying drilling fluid to 
the surface of the bit body, to cool and clean said 
cutting structures, said fluid supply system compris- 40 
ing a number of nozzles (17) mounted in the bit 
body, a main passage (20) in the bit body and a 
number of auxiliary passages (21 ) leading from the 
main passage to said nozzles respectively, charac- 
terised in that at least a part of at least one of said 45 
passages (20, 21 ) is lined with a lining material (23), 
which is more erosion-resistant than the material 
ofthe bit body (10). 

2. A drill bit according to Claim 1 , wherein the lining so 
material comprises a layer (23) of hardfacing mate- 
rial applied to the internal surface of part, or all, of. 

a passage (20, 21) preformed in the bit body (10). 

3. A drill bit according to Claim 2, wherein the hardfac- ss 
ing material (23) is applied by a method selected 
from: spraying, welding, electro-plating, a powder 
infiltration process, or a grain bed consolidation 



method. 

4. A drill bit according to Claim 2, wherein the lining 
material comprises a preformed rigid tube (24, 25) 
secured within a passage (20, 21 ) in the bit body, 
at least the interior surface of the tube comprising 
a material which is more erosion-resistant than the 
material of the bit body. 

5. A drill bit according to Claim 4, wherein at least one 
of said auxiliary passages (21) is lined with a pre- 
formed rigid tube (25), and wherein one end of said 
tube projects into the interior of said main passage 
(20) in the bit body. 

6. A drill bit according to Claim 4 or Claim 5, wherein 
the rigid tube (24, 25) is formed entirely from more 
erosion-resistant material. 

7. A drill bit according to Claim 4 or Claim 5, wherein 
the rigid tube (24, 25) comprises a tube of a first 
material to the interior surface of which a hardfacing 
material is applied by a method selected from: 
spraying, welding, electro-plating, a powder infiltra- 
tion process, or a grain bed consolidation method. 

8. A drill bit according to any of Claims 4 to 7, wherein 
the tube (24, 25) is secured by mechanically fixing, 
brazing or shrink-fitting the tube within a corre- 
spondingly shaped passage (20, 21 ) in a preformed 
bit body, or by moulding bit body material around 
the tube. 

9. A method of manufacturing a drill bit body including 
the steps of first manufacturing a bit body having an 
internal main passage (20) and a number of auxil- 
iary passages(21 ) leading to respective sockets in 
the bit body to receive nozzles, characterised by the 
further step of lining at least a part of at least one of 
said passages (20, 21) with a lining material which 
is more erosion-resistant than the material of the bit 
body. 

10. A method according to Claim 9, wherein the lining 
material (23) is applied to the internal surface of 
part, or all, of said passage (20, 21) preformed in 
the bit body by a method selected from: spraying, 
welding, electro-plating, a powder infiltration proc- 
ess, or a grain bed consolidation method. 

11. A method according to Claim 9, wherein the lining 
material is applied to the bit body by brazing, shrink- 
fitting or otherwise securing a preformed rigid tube 
(24, 25) within part or all of a passage in the bit body. 

12. A method according to Claim 11, including the fur- 
ther step of applying a hardfacing material to the 
internal surface of the tube (24, 25), before or after 
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the tube is secured within the bit body, by a method 
selected from: spraying, welding, electro-plating, a 
powder infiltration process, or a grain bed consoli- 
dation method. 



13. A method of manufacturing a drill bit body compris- 
ing forming a hollow mould (28) in the configuration 
of the bit body or a part thereof, locating within the 
mould a rigid structure (33, 34, 35, 36) providing a 
main passage (20) and auxiliary passages (21), 1° 
packing the mould around said structure with a pow- 
dered matrix-forming material (29), and then infil- 
trating said material with a metal alloy (30) in a fur- 
nace so as to form a hard matrix, characterised in 
that the material of said structure (33, 34, 35, 36) is 
more erosion-resistant than the solid infiltrated hard 
matrix, at least on the internal surfaces of said pas- 
sages. 

1 4. A method according to Claim 1 3, wherein the struc- 20 
ture (33, 34, 35, 36) comprises a unitary structure 

or comprises a plurality of elements secured togeth- 
er or otherwise located in the required position and 
orientation within the mould. 

25 

15. A method according to Claim 1 3, including the fur- 
ther step of apptying to the internal surfaces of the 
passages in the said structure (33, 34, 35, 36) a 
hardfacing material by a method selected from: 
spraying, welding, electro-plating, a powder infiltra- 30 
tion process, or a grain bed consolidation method. 

1 6. A method according to Claim 1 5, wherein said hard- 
facing material is applied to the internal surfaces of 
the structure (33, 34, 35, 36) before the solid matrix 35 
material (29) is moulded around it, or after the bit 
body has been moulded around the structure. 



so 



55 



6 




7 



EP 0 790 386 A2 




8 



EP 0 790 386 A2 




9 



i 

J 



V 



? 




HIS PAGE BLANK (uspTO) 



